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Summary
Objective: The aim of this study is to evaluate the articular cartilage alterations of rat ankles, after applying unilateral cyclic passive muscle
stretching protocol in previously immobilized rats.
Methods: Twenty-two male albino rats divided into four groups, I e immobilized; IS e immobilized and stretched; S e stretched and C e con-
trol, were used in this experiment. The I and IS groups were immobilized for 4 weeks. In the muscle stretching protocol the treated ankle joint
(groups IS and S) was manually full dorsal ﬂexed 10 times for 60 s with a 30 s interval between each 60 s period, 7 days a week for 3 weeks, to
stretch the ankle plantar ﬂexors muscle group. The right hind limb was free to move. At the end of the experiment, the ankles were removed,
processed in parafﬁn and stained with hematoxylineeosin and Safranin-O. Two blinded observers evaluated cellularity, chondrocyte cloning
and Safranin-O staining through light microscopy. And a morphometric study was carried out using a hand count of chondrocyte cells and
cartilage thickness measurement.
Results: No signiﬁcant effect of solely muscle stretching concerning cellularity, chondrocyte cloning and Safranin-O staining parameters was
detected. However, IS group presented a signiﬁcantly higher reduction of proteoglycans content than the solely stretched and solely immo-
bilized groups and the morphometric analysis showed signiﬁcant cellularity increase without thickness alteration compared to control.
Conclusions: These ﬁndings suggest that the stretching protocol used was harmful to the previously immobilized articular cartilage. However,
the same stretching protocol did not harm the cartilage of non-immobilized groups.
ª 2005 OsteoArthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Muscle stretching is a therapeutic method used in rehabili-
tation protocols after immobilization. Mechanical forces
have great inﬂuence in the structure, organization, synthe-
sis and rate of turnover of articular cartilage1,2. The chon-
drocyte perceives its mechanical environment through
complex biological and biophysical interactions with the ex-
tracellular cartilage matrix3.
Since articular cartilage is sensitive to abnormal loading,
when it is unloaded and deprived of mechanical stimuli,
there is a rapid deterioration of biochemical and biomechan-
ical properties4,5. This limitation in motion results in degen-
erative changes4,6e8, therefore this model of reduced joint
loading has been used to study the process of cartilage
degeneration5.
However, it should be noted that the ﬁndings of several
studies suggest that articular changes associated with joint
immobilization are different from those associated with de-
generative joint disease9. Haapala et al.10 demonstrated
that immobilization causes atrophic changes in articular car-
tilage resulting in synthetic quiescence in this tissue. There
*Address correspondence and reprint requests to: Mrs Stella
Marcia Mattiello-Rosa, Ph.D., Department of Physiotherapy,
Federal University of Sa˜o Carlos, Via Washington Luis km 235,
13565-905 Sa˜o Carlos, Sa˜o Paulo, Brazil. Tel: 55-16-3351-8039;
Fax: 55-16-3361-2081; E-mail: stela@power.ufscar.br
Received 3 February 2005; revision accepted 30 August 2005.19is a glycosaminoglycan (GAGs) depletion combined with in-
tact collagen ﬁbril network, which, as shown in their study, is
not sufﬁcient to initiate cartilage deterioration. Based on
these results, they concluded that immobilization and
changes in early osteoarthritis clearly differ.
Immobilization decreases thickness, mainly in the uncal-
ciﬁed region2,4,10 and reduces cartilage stiffness1,4,11,12.
Reduced proteoglycans (PG) content have also been re-
ported following immobilization2,5e7.
After immobilization removal, there are different kinds of
treatment, such as, remobilization, exercise and muscle
stretching13. The aim of previous studies was to evaluate
the recovery of cartilage after remobilization, which means
leaving the animal free in a cage after immobilization remov-
al6,8,10,11,14,15. Haapala et al.10, demonstrated that after a re-
mobilization period, no signiﬁcant thickness difference
remained, compared to age matched controls. However, Ki-
viranta et al.11 demonstrated no thickness recovery in some
regions, mainly the ones subject to less compression. The
PG concentrations that were reduced in all sample sites im-
mediately after immobilization, remained 14e28% lower
than those in controls after 50 weeks of remobilization in
some regions. In the non-treated joint, there was a 49% in-
crease of PG in some regions but a 34% decrease in others.
The response of previously immobilized articular cartilage
to muscle stretching is still unclear. This therapeutic method
may provide articular cartilage compression with different
magnitude and duration under extreme range of motion.
Chondrocytes can detect and respond to this applied load6
197Osteoarthritis and Cartilage Vol. 14, No. 2by altering their metabolic state16,17. Nevertheless, there is
a lack of studies describing the effect of this kind of load in
previously immobilized articular cartilage.
Objective
The purpose of this study is to evaluate the effect of
a muscle stretching protocol on the articular cartilage of
rat ankles, normal and previously immobilized.
Methods
EXPERIMENTAL GROUPS
Twenty-two albino male rats 16 weeks old weighing
280G 25.4 g were used for this experiment. The animals
were housed in plastic cages in an animal room under con-
trolled environment conditions, with free access to standard
food and water. The study was conducted in accordance
with the Guide for Care and Use for Laboratory Animals18.
Theywere randomly distributed into four groups: immobilized
(I), immobilized and stretched (IS), stretched (S) and control
(C). The I group (nZ 6) had their left ankles immobilized for 4
weeksandafter the immobilization devicewas removed, they
were allowed free cage activity for 3 weeks; the IS group had
their ankles immobilized for 4weeks andafter the immobiliza-
tiondevicewas removed, theywereallowed free cageactivity
and were submitted to muscle stretching protocol daily for 3
weeks; the S group were allowed free cage activity for 4
weeks andwere then submitted tomuscle stretching protocol
daily for 3weeks; groupCwereallowed freecageactivity for 7
weeks. At the end of the seventh week all the animals were
euthanized. For this reasonweconsidered left ankles as trea-
ted and right ones as non-treated.
IMMOBILIZATION PROCEDURE
Groups I and IS were anesthetized with an intra-
peritoneal dose of Ketamine (95 mg/kg) and Xylazine
(12 mg/kg) before the procedure. The Coutinho et al.19
model of immobilization was used. The left ankle joints
were immobilized in full plantar ﬂexion with Micropore
and adhesive tape and this immobilization device was
kept on for 4 weeks. The device limited load and movement
of the treated ankle. The right hind limb was free to move.
The animal was allowed free cage activity with the device.
After 7 weeks the device was removed. Group I was
allowed free cage activity and group IS was submitted to
the muscle stretching protocol.
INTERMITTENT PASSIVE MUSCLE STRETCHING
Groups IS and S were anesthetized and submitted to pos-
terior left hind limb muscle stretching. The ankle joints were
manually full dorsal ﬂexed for 10 times for 60 s with a 30 s in-
terval between each 60 s period, 7 days a week for 4 weeks.
PREPARATION OF THE SAMPLES
After euthanasia, the left and right (treated and non-trea-
ted) ankles were removed and samples were ﬁxed with 4%
formaldehyde.
HISTOLOGICAL AND HISTOCHEMICAL ANALYSES
All pieces were processed and sectioned in the same
way for the same person.The samples were decalciﬁed in 7.5% nitric acid and the
same concentration of glycerin, for 7 days (95 h). Then,
they were divided into two pieces, with a blade at mean
point between maleollus, perpendicular to the articular sur-
face. The pieces (full half ankles e proximal and distal part)
were processed in parafﬁn in a plane surface and cut into
six sections, each half (six medial and six lateral) 6 mm thick
with 50 mm between each. Complete half joint and plane
surface allowed perpendicular positioning during parafﬁn
processing and cut control for this study. The samples
were stained with hematoxylineeosin (H&E) and Safranin-
O (three H&E and three Safranin-O) for histological and his-
tochemical analyses, respectively. For histological and
histochemical grading we used the system demonstrated
in Table I. The following were evaluated: (1) cellularity, (2)
chondrocyte cloning, and (3) Safranin-O staining. Each sec-
tion was evaluated by two blinded observers and then
correlated.
MORPHOMETRIC ANALYSIS
A morphometric study was carried out using two random-
ized slides (one medial and one lateral) stained with H&E of
each ankle of each rat. One central ﬁeld was analyzed in
each slide. Axiovision 3.1 Image Analysis (Carl Zeiss)
was used to measure the cartilage thickness. We ﬁrst mea-
sured a central thickness and than 300 mm left and right two
more measures to record a mean thickness from three
measures (Fig. 1), all from subcondral bone to articular sur-
face. To hand count chondrocyte cells a 40,000 mm2 central
loading area (Fig. 2) was delimited including calciﬁed layer
and articular surface. Cells were marked also with Axiovi-
sion. The same randomized slides (one medial and one
lateral) were used to measure thickness.
STATISTICAL ANALYSIS
Correlation between observers (graduation of grading
system) was determined by the Spearman test with
R R 0.8 and P% 0.05. The KruskaleWallis non-parametric
test with the post hoc NewmaneKeuls (P% 0.05) was used
to compare the graduation of the grading system of the
Table I
Grading system
I Cellularity
Normal 0
Hypercellularity 1
Severe hypercellularity 2
Hypocellularity 3
II Chondrocyte cloning
Absent 0
Occasional clone pairs 1
Dense clone pairs 2
Clone clusters 3
III Safranin-O staining
Normal 0
Slight reduction 1
Up to half of total area
Slight reduction 2
On total area or total surface
Severe reduction 3
Up to half of total area
Severe reduction 4
On total area or total surface
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compare the non-treated and treated ankles, also related
to the grading system, in the same group we used the
Wilcoxon non-parametric test (P% 0.05). To compare the
morphometric analysis of cellularity of the treated ankles
analysis among groups we used multiple comparisons Dun-
can test. To compare media thickness of treated ankles
among groups, we used analysis of variance and also mor-
phometric analysis.
Results
At the ﬁrst day after immobilization all the animals were
able to feed and drink with the device. No skin ulceration
or foot swelling was found in the animals when the immobi-
lization was removed. Within 4 days after device removal
their gait seemed similar to controls.
Fig. 1. Slide presenting morphometric analysis method of mean
thickness measure.
Fig. 2. Slide presenting morphometric analysis method of chondro-
cyte cells hand count.Gross pathology identiﬁed that IS and I groups treated
and non-treated ankles presented some areas of non-
columnar organization, occasional clone pairs, hypercellu-
larity, chondrocyte hypertrophy and tidemark irregularities.
No abnormalities such as erosions, osteophytes, superﬁcial
ulcers or superﬁcial irregularities could be found on gross
inspection in IS, I, S or C group.
All sections evaluated based on grading system correlated
within observers (R R 0.8 and P% 0.05).
CHONDROCYTE CLONING
The non-treated hind limb of the IS group was statistically
different from all other groups. This group presented
a higher grading for chondrocyte cloning than the other
groups, which meant occasional cloning pairs (Fig. 3). Clon-
ing was deﬁned as the presence of more than one chondro-
cyte within the same lacunae within the surface zone of the
cartilage5. The statistical signiﬁcance of the difference from
other groups was: the IS group and the I group (PZ 0.014),
the IS and the S (PZ 0.000) and the IS and the C
(PZ 0.000). Only the IS group presented difference be-
tween the treated and non-treated limbs (PZ 0.038). The
non-treated limb presented occasional cloning pairs com-
paring treated and non-treated at the same group. The clon-
ing evaluation of the treated hind limb showed a difference
between the IS and the S (PZ 0.033) (Fig. 4). The IS pre-
sented higher grading than the other groups, but is still
nearly absent, while S presented smaller grading than all
the other groups, and is also absent. Both groups were
not statistically different from the control group (Fig. 4).
CELLULARITY
Based on qualitative analysis only the control group was
different from the other groups when comparing treated or
non-treated limbs among the groups. Only the C group
was normal. Other groups showed a slight cellularity in-
crease. The non-treated hind limb: C and I (PZ 0.000), C
and IS (PZ 0.000), C and S (PZ 0.000); treated limb: C
and I (PZ 0.015), C and IS (PZ 0.005), C and S
(PZ 0.024) (Fig. 5). However, the non-treated hind limb
from group IS showed some histological hypercellularity
sections (Fig. 6).
Fig. 3. Photomicrographs of tibial rat articular cartilage (H&E) Chon-
drocyte cloning pairs (arrowheads), section from the non-treated
hind limb of IS group rat (40!).
199Osteoarthritis and Cartilage Vol. 14, No. 2Comparing treated and non-treated limbs in each group,
IS group non-treated limb presented higher cellularity
increase.
SAFRANIN-O STAINING
Assessment of Safranin-O staining among groups
showed that in the I and IS groups the non-treated hind
limbs were different from the other groups: I and IS
(PZ 0.004); I and S (PZ 0.000); I and C (PZ 0.000); IS
and S (PZ 0.000); IS and C (PZ 0.000). The IS group pre-
sented the higher loss of the PG content [Fig. 7(C)]. As-
sessment of the treated hind limbs showed the same
results, given that groups I and IS were different from all
the others: I and IS (PZ 0.002); I and S (PZ 0.000); I
and C (PZ 0.000); IS and S (PZ 0.000); IS and C
(PZ 0.000). The IS group presented a higher loss of this
dye in the treated limbs as compared to different groups
(Fig. 8). There was no statistical difference in the
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Fig. 4. Chondrocyte cloning grading of different groups. IS group
presented a higher grading for chondrocyte cloning than the other
groups at non-treated hind limb, which meant occasional cloning
pairs. Data plotted as meansG SD. Statistical differences in non-
treated and treated limbs among groups: *I and IS groups
(P Z 0.014), **IS and I, IS and S (P Z 0.000), IS and C
(PZ 0.000), ***IS and S, groups (PZ 0.033).
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Fig. 5. Cellularity grading scores of different groups. Only the con-
trol group has normal cellularity compared to the other groups
(treated or non-treated limbs) Data plotted as meansG SD. Statis-
tical differences in the non-treated and treated limbs comparing
among groups: *C and I (PZ 0.000), C and IS (PZ 0.000), C
and S (PZ 0.000). **C and I (PZ 0.015), C and IS (PZ 0.005),
C and S (PZ 0.024).comparison between the treated and non-treated limbs
within the IS group.
MORPHOMETRIC ANALYSIS
Cellularity
The chondrocyte cells hand count conﬁrmed that the trea-
ted ankles of the IS group showed signiﬁcant higher cellu-
larity compared to control group: IS and C, PZ 0.043
(Fig. 9).
Thickness
No difference on mean thickness was observed compar-
ing treated ankles among groups (Fig. 10).
Discussion
The results shown here demonstrated that the stretched
group that was previously immobilized presented important
tissue alterations in the treated and non-treated joint.
Response of articular cartilage under immobilization/
stretching and contralateral limb overloading differs
according to some parameters assessed in this study.
Although both limbs presented signiﬁcative PG content
loss as compared with other groups, treated and non-trea-
ted hind limbs presented signiﬁcantly different cellularity
and chondrocyte cloning responses. The non-treated
hind limb of the IS group was statistically different from
all other groups comparing chondrocyte cloning presence.
This group presented a higher grading for chondrocyte
cloning than the other groups. This hind limb in IS group
was also different from controls. It presented cellularity
increase at qualitative analysis. Comparing treated and
non-treated limbs in each group, IS group non-treated
hind limb presented higher cellularity increase. It should
be mentioned that cellularity, chondrocyte cloning and
loss of PG content are related to degenerative
responses20. The results presented here suggest a slight
degenerative response of the non-treated limb in the
IS group. Jortikka et al.14 reported an alteration in the
contralateral limb and a plausible explanation for this
ﬁnding was that the period of immobilization changed the
gait or loading proﬁle of this limb, promoting matrix
changes in the cartilage. Andriacchi et al.21 concluded
that the initiation of the degenerative changes was not
directly due to the high contact pressures, but rather, it
was associated to alterations in joint kinematics. Shifting
the normal loading bearing regions of the cartilage to
infrequently loaded regions caused mechanical damage
to this cartilage.
Articular cartilage response to muscle stretching
following immobilization was different from control, I and
S groups, as it presented a cellularity increase, without
change in cartilage thickness and a signiﬁcant higher loss
of Safranin-O staining. The correlation between the
Safranin-O staining and the PG content of the articular
cartilage has been well documented10. Previous studies
used Safranin-O, a cationic dye that binds in a stoichiomet-
ric way to GAG polyanions11, to evaluate articular cartilage
PG content7,10,12. The decrease of GAGs concentration
may be one of the ﬁrst detectable abnormalities following
joint immobilization12. In the present study the immobilized
group also showed Safranin-O decrease, however, this
decrease was signiﬁcantly higher in the immobilized and
200 A. F. Renner et al.: Muscle stretch and articular cartilageFig. 6. Photomicrographs of tibial articular cartilage (H&E) (A) normal cellularity, non-treated hind limb from a control group rat, (B) hypercel-
lularity, non-treated hind limb from a IS group rat (40!).stretched groups. Our immobilization results were similar to
previous studies5,6,10,14, signiﬁcative PG content loss was
found. The functional capacity of articular cartilage largely
depends on collagen and PG, and its depletion affects bio-
mechanical properties. A signiﬁcant correlation coefﬁcient
has been established for compressive stiffness of cartilage
and concentration of GAGs, the higher the concentration of
GAGs, and the stiffer the cartilage22. In qualitative analysis
the IS group presented a slight reduction of Safranin-O
staining in the total area while the I group showed a slight
reduction up to half of the total area, both signiﬁcantly differ-
ent from control. The S group was normal, showing no dif-
ference from the control group. According to previousstudies there are different responses to overload according
to the animal model investigated14. Despite PG content de-
crease, there were no thickness alterations from surface to
calciﬁed layer. It is well known that articular cartilage per-
ceives mechanical environment. In the present study there
was a signiﬁcant hypercellularity following immobilization/
stretching, which suggests tissue response to this stimuli.
Palmoski and Brandt23 mention that when the integrity of
the extracellular matrix of articular cartilage has been di-
minished by immobilization, it may be vulnerable to loading
during subsequent exercise and that may damage the
chondrocyte and affect its capacity for repair. They found
irreversible changes after cessation of vigorous exerciseFig. 7. Photomicrographs of tibial articular cartilage (Safranin-O staining) (A) normal Safranin-O staining intensity, treated hind limb from
control group, (B) slight reduction of matrix staining intensity, matrix staining around chondrocytes (arrowhead), treated hind limb from an
I group rat, (C) severe reduction on Safranin-O staining, treated hind limb from IS group rat (40!).
201Osteoarthritis and Cartilage Vol. 14, No. 2in previously immobilized canine knee cartilage. Haapala
et al.10 based on their study suggest that lengthy immobi-
lization of a joint can cause long lasting articular cartilage
PG alterations at the same time as collagen organization
remains largely unchanged. And because PG exerts
strong inﬂuence on the biomechanical properties of carti-
lage, it may jeopardize the well being of articular cartilage.
According to those conclusions we can suggest that the
loss of PG content and cellularity increase found in IS
group may show an articular response to applied protocol
in the present study. This response seems to be harmful
and irreversible.
Intermittent hydrostatic pressure (IHP) applied in vitro
(chondrocyte cultures) demonstrated that IHP increased
messenger RNA (mRNA) signals and protein levels for
aggrecan and type II collagen; according to the duration
and the magnitude of stimulus, mRNA aggrecan signals
increased by 1 Hz after 4 h of 5 and 10 MPa compres-
sions on the ﬁrst day. However, mRNA type II collagen
signals, with the same compression duration and magni-
tude, only increased on the fourth day. They concluded
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Fig. 9. Mean cellularity of different groups. IS group presented
higher cellularity compared to control group (IS and C, PZ 0.043).
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Fig. 8. Safranin-O staining non-treated and treated limb grading sys-
tem among groups. The IS group presented a signiﬁcant loss of the
PG content (treated and non-treated hind limb) compared to other
groups. Data plotted as meansG SD. Statistical differences in
non- t reated and t reated l imbs among groups: * I and IS
(PZ 0.004), I and S (PZ 0.000), I and C (PZ 0.000). **IS and S
(PZ 0.00), IS and C (PZ 0.000). ***I and IS (PZ 0.002), I and S
(PZ 0.000), I and C (PZ 0.000). ****IS and S (PZ 0.000), IS and
C (PZ 0.000).that mechanoregulation of cartilage extracellular matrix in
vivo depends on speciﬁc parameters of diarthrodial joint
loading. The effect of this stimulus depends on whether
the applied load is within physiological levels or at levels
that exceed a normal range24. Palmoski and Brandt25 sub-
mitted cartilage plugs to static and cyclic stresses that
were equivalent to about 1.5 times the body weight.
They demonstrated a positive response, a 38% increase
in synthesis of GAGs with a cycle of 4 s on/11 s off, but
also a negative response, a decrease with a cycle of
60 s on/60 s off. Hall et al.26 showed that, in the physio-
logical pressure range (5e10 MPa), both short-term
(20 s) and long-term (2 h) exposures to hydrostatic pres-
sure stimulated PG and protein syntheses in bovine carti-
lage explants. In a higher pressure range (O20 MPa),
however, this biosynthesis was signiﬁcantly suppressed
by long-term exposure, but not by short-term exposure.
According to previous studies articular cartilage loading
response depends on compressive duration, magnitude
and rate. The results presented here demonstrated that
full dorsal ﬂexion was harmful to previously immobilized
cartilage. However, the same protocol did not harm the
previously non-immobilized one. Loss of range of motion
is a common ﬁnding following immobilization. It is possible
that a previously immobilized group required a higher
compressive load to achieve the same range of motion
than the solely muscle stretched group. During application
of our protocol we could control the duration but not the
magnitude of stimuli. Overload associated with ‘‘static’’
or at least ‘‘non-short time’’ compression could be the
cause of this degenerative response.
Data found in present study suggest that it seems
important to control the magnitude, rate and duration of
the stretching load. Indeed, during muscle stretching
protocols static compressive load are applied, but the
real magnitude is still unclear. Further studies are required
to ﬁnd out a physiological magnitude to this clinical muscle
stretching protocol in previously immobilized articular
cartilage.
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